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(54) INTEGRATED CLOSED SECONDARY BATTERY 

(57) A sealed secondary battery assembly in which 
electricity-generating elements (1) are accommodated 
in battery cases (3) formed in rectangular tubular shape 
having a bottom, a plurality of cells (2a to 2j) constituted 
by sealing the apertures of battery cases (3) by covers 
(4) are arranged in series, and these are electrically 
connected by means of electrical connecting elements 
(9), wherein the battery cases (3) of the individual cells 
(2a to 2j) are constituted by a unitary battery case (51) 
and electrical connection elements (9) are arranged so 
as to pass through partition sections (53, 54) that define 
the space for the individual cells (2a to 2j), and coolant 
passages (55, 56) that communicate with the outside 
are formed in the partition sections (53, 54). 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a sealed sec- s 
ondary battery assembly employed for nickel-hydrogen 
secondary batteries or the like constituting the drive 
power source for an electric vehicle. 

BACKGROUND ART 10 

[0002] Sealed secondary battery assemblies of this 
type are previously known and are disclosed in Laid- 
Open Japanese Patent Publication No.7-85847. This 
prior art example has a construction as shown in Fig. is 
16. Specifically, electricity generating elements are 
accommodated in battery cases 36 formed in rectangu- 
lar tubular shape having a bottom, the apertures of 
these battery cases 36 are sealed by covers 37 to con- 
stitute cells 32, a plurality of which are arranged in so 
series, the battery cases 36 of these cells 32 being con- 
nected in tightly restrained condition by means of end 
plates 35 and restraining straps 34. Also, pillar-shaped 
positive electrode terminals 38 and negative electrode 
terminals 39 of the cells 32 penetrate through covers 37 25 
and project above them, these terminals 38 and 39 
being electrically connected by means of an electrical 
connection bar 40. 

[0003] However, with a construction as in the prior art 
example wherein battery cases 36 are tied together and 30 
held in restrained fashion by means of end plates 35 
and restraining straps 34, when the cells 32 expand as 
for example during charging, a condition as shown in 
Fig. -17 is produced, with stress being concentrated at 
the portions indicated by P. 35 
[0004] This stress concentration gives rise to creep 
deformation and as a result the durability of battery 
cases 36 in regard to vibration or shock is severely 
impaired. 

[0005] Also, in the case of a construction as in the 40 
prior art example in which the positive electrode and 
negative electrode terminals 38 and 39 project above 
cover 37 and are electrically connected by an electrical 
connection bar 40, the secondary battery is increased in 
height by the amount to which the positive electrode 45 
and negative electrode terminals 38 and 39 project 
above cover 37; this is contrary to demands for 
increased compactness. Also, there was the problem 
that sealing had to be carried out individually between 
positive electrode and negative electrode terminals 38, so 
39 and cover 37 and rf sealing was insufficient internal 
liquid or gas could leak directly to the outside. 
[0006] Also, with a construction as in the prior art 
example wherein the electrical connection between the 
individual cells is effected on the outside, the positive 55 
electrode and negative electrode terminals 38 and 39 
must be given a sealing function, electrical connection 
function, and function of effecting connection between 



themselves and the electricity-generating elements 
within the batteries. The construction of the positive 
electrode and negative electrode terminals 38 and 39 
therefore becomes complicated and costly, and, as a 
result, the total cost of the sealed secondary battery 
assembly becomes high. 

[0007] In the light of the above demands for compact- 
ness and demands for ensuring sealing strength and 
lowering costs, the inventors of the present invention 
conceived, as a way of solving the problems of the prior 
art example, an internally connected construction 
wherein electrical connection between the terminals is 
made within the batteries. In this internally connected 
construction, as shown in Fig. 19, electrical connection 
between two cells 32, 32 is made using an electrical 
connecting rod 41 that passes through the connecting 
walls 45, 45 of adjacent battery cases 36. Then, at the 
location Q where electrical connecting rod 41 passes 
through, the three items: electrical connecting rod 41 
and the two connecting walls 45, 45 are integrally cou- 
pled by a resin welding technique. 
[0008] However, if the internally connected construc- 
tion shown in Fig. 18 is adopted, when cells 32 expand 
during charging etc., the condition shown in Fig. 17 is 
produced, with stress being concentrated in the por- 
tions shown by Q in Fig. 18. Such stress concentration 
produces creep deformation and this gives rise to the 
problem that the durability of battery cases 36 and elec- 
trical connecting rods 41 in regard to vibration and 
impact is severely impaired. 

[0009] An object of the present invention is to solve 
the above problems and to provide a sealed secondary 
battery assembly of excellent cooling construction. 

DISCLOSURE OF THE INVENTION 

[0010] In order to achieve the above objects, the 
present invention provides a sealed secondary battery 
assembly in which electricity-generating elements are 
accommodated in battery cases formed in rectangular 
tubular shape having a bottom, and a plurality of cells 
constituted by sealing the apertures of these battery 
cases by covers are arranged in series, these cells 
being electrically connected by means of electrical con- 
nection elements, characterized in that the battery 
cases of the individual cells are constituted by a unitary 
battery case and the electrical connection elements are 
arranged so as to pass through partition sections that 
define the space for the individual cells, and coolant 
passages that communicate with the outside are formed 
in the partition sections. 

[001 1 ] With the above construction, since the battery 
cases of the individual cells are constituted by a unitary 
battery case, even if the individual cells expand during 
charging etc., the stress that is generated under these 
circumstances is not concentrated in a specific location 
(P of Fig. 17 and Q of Fig. 18) but is dispersed to the 
entire partition section that defines the space of the indi- 
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vidual cells. A sealed secondary battery assembly of 
excellent durability in regard to vibration or impact can 
therefore be provided. 

[0012] Also, with the above construction, the sealing 
structure becomes simple, since an internally con- s 
nected structure i.e. a structure whereby the electrical 
connection elements are arranged so as to pass 
through the partition section is adopted. Also compact- 
ness of the secondary battery can be achieved. 
[0013] Furthermore, with the above construction, w 
since coolant passages that communicate with the out- 
side are formed in the partition sections, effective cool- 
ing of the secondary battery can be achieved by forcibly 
passing cooling air for example to these coolant pas- 
sages. 15 
[0014] If a construction is adopted whereby the bat- 
tery cases of the individual cells are separately manu- 
factured and a unitary battery case is constituted by 
joining up these battery cases, and irregularities are 
provided on the connection face of each battery case in so- 
order to form coolant passages, the following benefits 
are obtained. Since manufacture of the individual bat- 
tery cases is easy and the width of the coolant pas- 
sages (gap in the direction of connection of the cells) 
can be made narrower tharrwith a unitary battery case 25 
consisting of a unitary molding, to be described, the 
dimension of the sealed secondary battery assembly in 
the cell connection direction can be made shorter i.e. it 
can be made more compact. Specifically, owing to the 
difficulty of the molding technique, a unitary battery 30 
case consisting of a unitary molding can only be formed 
with coolant passages of minimum width about 5 mm; 
making this width any smaller is very difficult in terms of 
mass production. However, rf a construction is adopted 
in which the coolant passages are formed on joining up as 
the battery cases by providing irregularities for forma- 
tion of coolant passages in the connecting faces of the 
individual battery cases, this width can be reduced 
down to about 2 mm, so increased compactness of the 
sealed secondary battery assembly can be achieved. 40 
[001 5] If a construction is adopted such that a projec- 
tion is provided on the connecting faces of each battery 
case and the coolant passages are formed by bringing 
these projections into abutment on connection, stand- 
ardization of the individual battery cases is facilitated. « 
[001 6] According to the above invention, if the battery 
cases are made of resin and these battery cases are 
joined up by welding or adhesion, a large molding 
machine or the like for molding a unitary battery case is 
unnecessary, so manufacture of the sealed secondary so 
battery assembly is facilitated. The joining by welding or 
adhesion could be performed over the entire surface 
between the connecting faces of the battery cases, 
excluding the spaces for formation of the coolant pas- 
sages, but it could alternatively be performed at the 55 
sides of the battery cases. The latter is suited in partic- 
ular for joining by a welding operation. 
[001 7] On the other hand, as regards mass production 



characteristics, it is particularly advantageous, where a 
construction is adopted whereby the unitary battery 
case consists of a unitary molding, for this unitary bat- 
tery case to be made of resin. 
[0018] According to the above invention, if a construc- 
tion is adopted whereby end plates and restraining 
straps are arranged at the lateral periphery of the uni- 
tary battery case, so that the unitary battery case is 
restrained by these, the drawback that joining between 
battery cases is weak in regard to tensile strength can 
be overcome. 

[001 9] According to the above invention, if a construc- 
tion is adopted whereby the covers of the individual cells 
are constituted by a mutually integrated unitary cover, in 
particular if the unitary cover is made a unitary resin 
molding, the apertures of the battery cases can all be 
sealed at once by this unitary cover, thereby enabling 
efficiency of the operation to be increased. Also, since 
the peripheries of the upper edges of the unitary battery 
case can be restrained by this unitary cover, in particu- 
lar in the case of a unitary battery case of the type con- 
stituted by joining individual battery cases, increased 
durability can be achieved. 

[0020] According to the above invention, if the unitary 
cover is provided with apertures of the coolant pas- 
sages, coolant can flow smoothly utilizing these aper- 
tures, so a better cooling effect can be obtained. 
[0021] The direction of formation of the coolant pas- 
sages may be the vertical direction, left/right direction, 
inclined vertical direction, or a combination of these. In 
particular, smooth flow of the coolant is obtained with 
the vertical direction. 

[0022] In particular, if a construction is adopted 
wherein the apertures of the coolant passages provided 
in the unitary cover are arranged alternately to left and 
right with respect to the center line in the direction of 
connection of the cells, and the electrical connection 
elements are arranged in symmetrical positions of the 
apertures and alternately to left and right with respect to 
the center line, the flow of coolant in the vertical direc- 
tion is made smooth, thereby enabling a better cooling 
effect to be achieved. 

[0023] Further, in order to achieve the above object, 
the present invention provides a sealed secondary bat- 
tery assembly wherein electricity-generating elements 
are accommodated in battery cases formed in rectan- 
gular tubular shape having a bottom, and a plurality of 
cells constituted by sealing the apertures of these bat- 
tery cases by covers are arranged in series, these cells 
being electrically connected by means of electrical con- 
nection elements, characterized in that the individual 
cells are unified by being restrained by end plates and 
restraining straps and the covers are constituted by a 
unitary cover consisting of a unitary molding; the electri- 
cal connection elements are arranged so as to pass 
through partition sections that define the space for the 
individual cells, and coolant passages are formed in the 
partition sections; and apertures communicating with 
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these coolant passages are provided in locations of the 
unitary cover corresponding to the coolant passages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

[0024] 

Fig. 1 is a perspective view showing the whole of an 
embodiment of the present invention; 
Fig. 2 is a perspective view showing the above io 
embodiment with a unitary cover and unitary bat- 
tery case in separated condition; 
Fig. 3 is a plan view showing the unitary battery 
case; 

Fig. 4 is a partially sectioned front view showing the 15 
unitary battery case; 

Fig. 5 is a plan view showing the unitary cover; 

Fig. 6 is a cross-sectional view along the line E-E of 

Fig. 5 showing the unitary cover; 

Fig. 7 is a cross-sectional view showing the rela- 20 

tionship between a cover and a battery case; 

Fig. 8 is a partially sectioned front view showing the 

battery case; 

Fig. 9 is a bottom view showing the battery case; 

Fig. 1 0 is a plan view showing various types of bat- 25 

tery case; 

Fig. 1 1 is a partially sectioned plan view showing 
the joined condition between the battery cases; 
Fig. 1 2 is a partially sectioned plan view showing an 
electrical connection element and a support ele- 30 
ment thereof; 

Fig. 13 is a perspective view showing the electrical 
connection element and support element; 
Fig. 14 is a front view showing the electrical con- 
nection element; 35 
Fig. 15 is a cross-sectional view showing a modified 
example of the electrical connection element and 
support element thereof; 

Fig. 16 is a front view showing a prior art example; 
Fig. 1 7 is a diagram showing problems of the prior 40 
art example; and 

Fig. 18 is a diagram showing problems of the inter- 
nally connected construction. 

BEST MODE FOR CARRYING OUT THE INVENTION as 

[0025] An embodiment of the present invention is 
described below with reference to the drawings. 
[0026] This embodiment relates to a nickel/hydrogen 
secondary battery assembly developed as a drive so 
power source for an electric vehicle. In this secondary 
battery, as shown in Fig. 1 to Fig. 6, electricity-generat- 
ing elements 1 are accommodated in battery cases 3 
made of resin formed in the shape of rectangular tubes 
having a bottom; ten cells 2a to 2j constituted by sealing 55 
the apertures of battery cases 3 by means of covers 4 
made of resin are arranged in a row, and these are elec- 
trically connected in series. 



[0027] The battery cases 3 of the cells 2a to 2j are 
mutually connected using welding means, thereby con- 
stituting a unitary battery case 51 . 
[0028] Covers 4 are constituted by a unitary cover 52 
consisting of a unitary resin molding whose internal 
space is divided into independent cells 2a to 2j by 
means of partition sections 53 (see Fig. 6) provided on 
this unitary cover 52. 

[0029] When battery cases 3 are joined up, the two 
adjacent joining walls 54a, 54b constitute a partition 
section 54 that divides each cell 2a to 2j. Cells 2a to 2j 
are electrically connected in series by arranging electri- 
cal connection elements 9 through partition sections 54 
of these battery cases 3. 

[0030] In partition sections 53 of covers 4 and partition 
sections 54 of battery cases 3, there are respectively 
formed coolant passages 55, 56 that communicate with 
the outside. Cooling of cells 2a to 2j is performed by for- 
cibly passing cooling air through these coolant pas- 
sages 55, 56. 

[0031] The battery cases 3 of cells 2a to 2j are inte- 
grally formed of resin such as PP/PPE alloy. On the 
outer surfaces (connecting faces) 57 of joining walls 
54a, 54b constituting the side walls on the longest side 
of these battery cases 3, there are arranged a plurality 
of air current guides (projections) 1 5 for forming coolant 
passages 56. In the example shown in Fig. 8 and Fig. 9, 
in each case six air current guides 15 are provided in 
projecting fashion extending in the form of strips in the 
vertical direction of respective outer surfaces 57 of the 
two joining walls 54a, 54b, including the air current 
guides 1 5 at both side ends. These air current guides 1 5 
extend from the bottom face of battery case 3 as far as 
a position about 3/4 of the height of battery case 3; no 
air current guides 15 are present in about the top 1/4 of 
connecting face 57. In the regions where these air cur- 
rent guides 1 5 are not present, there are provided a plu- 
rality of point-form projections 16 in the form of short 
cylindrical pillars to ensure proper spacing. The amount 
of projection of these point-form projections 16 from 
connecting face 57 is constituted to be equal to that of 
air current guides 15. 

[0032] In Fig. 8 and Fig. 9, 17 are position-locating 
recesses and 1 8 are position-locating projections that fit 
into position-locating recesses 17; these are provided 
on prescribed air current guides 15. 
[0033] Also on the respective outer faces of left and 
right side walls 58a, 58b constituting the side walls on 
the shortest sides of battery cases 3, there are provided 
in projecting fashion in the horizontal direction a pair of 
upper and lower restraining ribs 104 that restrain move- 
ment in the vertical direction of a restraining strap 14. 
[0034] Furthermore, on the upper sides of the two 
joining walls 54a, 54b of battery cases 3, there are 
formed V-shaped recesses 1 1a, 1 1b. One recess 1 1a is 
arranged offset in one direction in the left/right direction 
from the center of this upper side, while the other recess 
11b is arranged offset in the other direction in the 
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left/right direction from the center of this upper side. 
[0035] In the exampl e described above, recesses 1 1 a, 
11b were provided on respectively both joining walls 
54a, 54b of battery cases 3, but recesses 1 1a, 1 1b are 
unnecessary, and in fact might be detrimental on the s 
side walls 54c on the outside of battery cases 3 of cells 
2a, 2j positioned at both ends. Accordingly, as shown in 
Fig. 1 0, four types of battery case 3 were manufactured, 
taking into account the necessity for recesses 1 1a, 1 1b 
and left/right symmetry. In Fig. 1 0, the battery case indi- ro 
cated by A for use in cell 2a is a battery case 3 that is 
not provided with a recess S (indicated in Fig. 10 by 
hatching) on the outside side wall 54c. The battery case 
indicated by B is a battery case 3 for cells 2b, 2d, 2f, 2h, 
as described with reference to Fig. 8 and Fig. 9. The is 
battery case indicated by C is an battery case 3 for cells 
2c, 2e, 2g, 2i, having a recess S in a position symmetric 
with the recess of B. The battery case indicated by D is 
a battery case for cell 2j, wherein these are provided in 
positions symmetric with the recess of A and the out- 20 
side side wall 54c. 

[0036] Ten battery cases 3 are mutually joined by 
welding to form a unitary battery case 51 . That is, as 
shown in Fig. 1 1 and Fig. 4, in a condition with air cur- 
rent guides 15 and point-form projections 16 of joining 25 
walls 54a, 54b of adjacent battery cases 3 abutting each 
other, and with position-locating projections 18 located 
by fitting into position-locating recesses 17, battery 
cases 3 are joined up along the boundary lines N of two 
joining walls 54a, 54b (specifically, the line of connec- so 
tion of air current guides 1 5 formed at the two side end 
parts), by heating the portions in the vicinity of this line 
from outside so that the resin is melted, then solidifying 
the resin. Also at this point the recesses 1 1 a, 1 1b of the 
two joining walls 54a, 54b that are in joining relationship 35 
are in overlapping positions. 

[0037] Coolant passages 56 that guide the air (cool- 
ant) in the upwards direction are formed by the two join- 
ing walls 54a, 54b, specifically, by air current guides 15, 
15 provided on partition section 54, when these are in 40 
joining relationship. Also, in the approximately 1/4 top 
portion of partition sections 54, by effecting contact of 
point-form projections 16, 16 in an abutting condition, a 
space whereby air can be guided vertically and to left 
and right is formed between battery cases 3. Conse- 4S 
quently, air flow that is guided upwards by air current 
guides 15 is guided towards covers 4 (upwards) and 
can be made to flow out at the sides of battery cases 3 
in the left/right direction. 

[0038] In this embodiment, projections such as air cur- so 
rent guides 15 are provided on connecting faces 57 of 
each battery case 3 and coolant passages 56 are 
formed by bringing fellow projections into contact when 
joining. The reason for this is that the amount of projec- 
tion of air current guides 1 5 or point -form projections 16 ss 
from connecting face 57 can be made very small (for 
example of the order of 1 mm) and as a result the width 
of coolant passage 56 in the cell connection direction 
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can be made small (for example of the order of 2 mm); 
this is therefore advantageous in achieving compact- 
ness of the sealed secondary battery assembly. 
[0039] For the joining of battery cases 3, apart from 
welding, adhesive could be employed. Also, adhesive 
joining or welding could be applied to all the contacting 
portions of the two connection faces 57. 
[0040] Electricity-generating elements 1 are accom- 
modated in battery cases 3 as shown in Fig. 4. In elec- 
tricity-generating element 1 constituted by stacking a 
plurality of positive electrode plates and negative elec- 
trode plates with intervening separators and filling with 
electrolyte, a positive electrode terminal 5 at which are 
collected the leads from each positive electrode plate 
and a negative electrode terminal 6 at which are col- 
lected the leads from each negative electrode plate are 
formed. Positive electrode terminal 5 is offset in one 
direction in the left/right direction and negative electrode 
terminal 6 is arranged in a position offset in the other 
direction in the left/right direction. 
[0041] Positive electrode terminal post 7 is connected 
to positive electrode terminal 5 of cell 2a positioned at 
one end, while negative electrode terminal post 8 is 
connected to negative electrode terminal 6 of cell 2j 
positioned at the other end. This positive electrode ter- 
minal post 7 and negative electrode terminal post 8 con- 
stitute the positive electrode and negative electrode 
terminals of the sealed secondary battery assembly as 
a whole. 

[0042] The pair of joining walls 54a, 54b that are in 
joining relationship constitute a partition section 54 that 
defines the space for each cell in unitary battery case 
51. A metallic rod (electrical connection element) 9 
made of nickel that passes through this partition section 
54 in the horizontal direction is fixed to a support ele- 
ment 19 integrally formed of resin such as PP/PPE 
alloy. This support element 19 comprises a holding tube 

60 and a triangular flange 61 whose upper side is hori- 
zontal. As shown in Fig. 12 and 13, metallic rod 9 is 
pressed into and passes through holding tube 60 and is 
thereby held. Flange 61 fits into the recesses (support 
element mounting passage sections) 11a, 1 1b provided 
in the upper side of connecting walls 54a, 54b. The 
internal diameter of through-hole 66 of holding tube 60 
is formed somewhat smaller than the external diameter . 
of metallic rod 9. Also the aperture 80 at one end of 
holding tube 60 is formed so as to have an internal 
diameter larger than that of the other portions. Flange 

61 is provided with two vanes 61a, 61b, an air flow 
space 68 being provided formed between the two vanes 
61a, 61b on the left and right of flange 61 . This air flow 
space 68 is beneficial in making the flow of cooling air 
smooth. The two vanes 61a, 61b contact the respective 
recesses 11a, 11b of joining walls 54a, 54b in one-to- 
one correspondence. 

[0043] Metallic rod 9 is formed as a cylinder having a 
head 62 that is pressed into holding tube 60. This m tal- 
lic rod 9 is pressed into through-hole 66 of support ele- 



5 



OCID: <EP 0962993A!_I_> 



a 



EP0 962 993 A1 



10 



ment 19. By applying ultrasonic vibration to metallic rod 
9 during this pressing-in, the resin of support element 
1 9 is melted around metallic rod 9 by frictional heating 
produced by this vibration. By this means, the pressing- 
in operation is made possible and takes place in a 5 
smooth fashion; moreover, sealing characteristics are 
improved by the solidification of the molten resin. An 0- 
ring 21 is arranged in the aperture (holding groove) 80; 
during the pressing-in, this is compressed by head 62 of 
metallic rod 9. This compressed O-ring 21 is in pressure 70 
contact with the circumference of metallic rod 9, thereby 
contributing to improvement in sealing. Also, soft sticky 
sealant 63 is applied to the inner circumferential surface 
of aperture 80 and metallic rod 9 and O-ring 21 , thereby 
further improving sealing. . 75 

[0044] In this embodiment, the pressing-in operation 
was performed while applying ultrasonic vibration to 
metallic rod 9, but the pressing-in operation could be 
performed while heating metallic rod 9, or while apply- 
ing both heat and ultrasonic vibration to metallic rod 9. so 
Furthermore, metallic rod 9 could simply be inserted 
into support element 19 simply by a pressing-in opera- 
tion only. 

[0045] Also, as shown in Fig. 15, it is possible to adopt 
an arrangement in which a plurality of grooves 64 are 25 
provided around the circumference of metallic rod 9 and 
a holding groove 65 is formed that holds O-ring 21, 
metallic rod 9 being pressed in into through-hole 66 of 
supporting element 19, while applying ultrasonic vibra- 
tion, heating or both of these. Soft sticky sealant 63 is 30 
applied to holding groove 65 and grooves 64. By such 
an arrangement, a portion 67 of the resin of support ele- 
ment 19 is melted out into grooves 64 and by subse- 
quent solidification movement in the axial direction of 
metallic rod 9 is restrained, so that fixing of the metallic 35 
rod 9 into support element 1 9 can be performed in a reli- 
able fashion. 

[0046] In this way, as shown in Fig. 3, Fig. 4 and Fig. 
7, support element 19 with the metallic rod (electrical 
connection element) 9 fixed thereto is fitted in by 40 
respectively bringing the pair of vanes 61a, 61b into 
contact with the pair of recesses 11a, 11b provided in 
partition section 54 i.e. the pair of joining walls 54a, 54b, 
and is joined to joining walls 54a, 54b by welding using 
a heat welder. If support element 19 and battery cases 45 
3 are formed of the same type of resin, far example 
PP/PPE alloy, the above welding operation can be per- 
formed smoothly and reliably. Also, as shown in Fig. 7, 
the upper side of support element 19 and the upper side 
of partition section 54 may be constituted in a coplanar so 
condition. 

[0047] As shown in Fig. 2, Fig. 5, and Fig. 6, unitary 
cover 52 is integrally formed using as raw material resin 
such as PP/PPE alloy, and is provided with partition 
sections 53 for independently partitioning its internal 55 
space into individual cells 2a to 2j. As shown in Fig. 6, 
these partition sections 53 comprise two partitions 53a, 
53b and are toned with an aperture 26 for releasing 



coolant air therein to the outside. As shown in Fig. 5, 
these apertures 26 are arranged alternately on the left 
and right of the center line in the direction of connection 
of the cells. Also the undersides of the two partitions 
53a, 53b contact in one-to-one correspondence the 
upper side of the two joining walls 54a, 54b of partition 
section 54 of the battery case and the upper sides of the 
two vanes 61a, 61b of support element 19. 
[0048] In unitary cover 52, there are provided terminal 
post fixing holes 24 for inserting and fixing positive elec- 
trode terminal posts 7 and negative electrode terminal 
posts 8, a safety valve mounting hole 23 for mounting a 
safety valve 28 (see Fig. 1) and a thermistor mounting 
section 25 for mounting a thermistor for temperature 
measurement. 

[0049] As shown in Fig. 7, a step 69 for fitting pur- 
poses is formed in expanded form at the outer periphery 
of the bottom edge of unitary cover 52. Unitary cover 52 
is assembled on to unitary battery case 51 with this 
superimposed on a fitting step 70 provided at the upper 
edge of each individual battery case 3. Unitary cover 52 
and unitary battery case 51 are joined by welding or 
adhesion etc. 

[0050] By joining up and unifying unitary cover 52 and 
unitary battery case 51 , the two partition sections 53, 54 
are brought into contact and the cells 2a to 2j come to 
have respectively independent spaces. Also in the two 
partition sections 53, 54, coolant passages 55, 56 that 
communicate with each other and also communicate 
with the outside are formed. Specifically, when for 
example cooling air is forcibly made to flow upwards 
from the bottom face of unitary battery case 51 , this air 
current flows upwards guided by air current guides 15 
until, at the top of battery case 3, at the location where 
point-form projections 16 are provided, part of it flows 
out sideways while the rest flows out upwards from 
apertures 26 provided in unitary cover 52. By means of 
such an airflow, the individual battery cases 3 constitut- 
ing unitary battery case 51 can be effectively cooled. It 
should be noted that, in order to make the flow of this air 
smooth, as shown in Fig. 2, the apertures 26 provided in 
unitary cover 52 are arranged alternately to left and 
right with respect to the center line in the direction of 
connection of the cells, and support elements 19 in 
which are fixed the electrical connection elements 
(metallic rods) 9 are arranged alternately to left and 
right with respect to the center line and in symmetric 
positions of apertures 26. 

[0051 ] Since unitary battery case 51 is joined by weld- 
ing individually manufactured battery cases 3, there are 
some problems in relation to its tensile strength. In order 
to overcome this problem, end plates 13 are arranged 
on both outside ends of unitary battery case 51 and the 
ends of a pair of left and right restraining straps 14 are 
coupled by rivets 22 to these end plates 13 thereby 
binding unitary battery case 51 tightly. 
[0052] Apart from the embodiment of the present 
invention illustrated above, it could be constituted in var- 
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ious modes. For example, the unitary case could be 
constituted by a unitary resin molding. Alternatively, a 
unitary cover could be constituted by joining up individ- 
ually manufactured covers. Also, for the cover, it is not 
necessarily essential to employ a unitary cover and a s 
construction could be adopted in which respectively 
independent covers are provided on each cell. Further- 
more, the electrical connection elements could be fixed 
to the support elements by insert molding, or the electri- 
cal connection elements could be directly fixed to the jo 
unitary battery case or unitary cover. Also, a sealed sec- 
ondary battery assembly can be constructed by unifying 
the individual cells, without using adhesive or welding 
means, by restraining these by end plates and restrain- 
ing straps and constituting the covers by a unitary cover 15 
consisting of a unitary molding and, as already 
described, arranging electrical connection elements so 
as to pass through the partition sections that define the 
individual cells and forming coolant passages in the par- 
tition sections, and, in addition, providing apertures that 2 o 
communicate with these coolant passages at locations 
of the unitary cover corresponding to the individual cool- 
ant passages. 

INDUSTRIAL APPLICABILITY 25 

[0053] With the present invention, durability in regard 
to vibration or impact, an excellent cooling structure, 
compactness and a high degree of safety can be 
achieved, so it is useful as a sealed secondary battery 30 
assembly. . 

Claims 

1. A sealed secondary battery assembly in which 35 
electricity-generating elements (1) are accommo- 
dated in battery cases (3) formed in rectangular 
tubular shape having a bottom, and a plurality of 
cells (2a to 2j) constituted by sealing the apertures 

of these battery cases (3) by covers (4) are 40 
arranged in series, these cells being electrically 
connected by means of electrical connection ele- 
ments (9), characterized in that the battery cases 
(3) of the individual cells (2a to 2j) are constituted 
by a unitary battery case (51) and the electrical 45 
connection elements (9) are arranged so as to pass 
through partition sections (53, 54) that define the 
space for the individual cells (2a to 2j), and coolant 
passages (55, 56) that communicate with the out- 
side are formed in the partition sections (53, 54). so 

2. The sealed secondary battery assembly according 
to claim 1, wherein the unitary battery case (51) is 
constituted by manufacturing the battery cases (3) 

of the individual cells (2a to 2j) separately, and join- 55 
ing up these battery cases (3), and an irregularity 
for purposes of forming a coolant passage (56) is 
provided on the connecting face (57) of each bat- 
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tery case (3). 

3. The sealed secondary battery assembly of claim 2, 
wherein projections (15) are provided on the con- 
necting face (57) of each battery case (3), con- 
structed such that the coolant passages (56) are 
formed by abutment of these projections (15) on 
joining up. 

4. The sealed secondary battery assembly of claim 2, 
wherein the battery cases (3) are made of resin, 
these battery cases (3) being joined by welding or 
adhesion. 

5. The sealed secondary battery assembly of claim 4, 
wherein the battery cases (3) are joined on both 
sides. 

6. The sealed secondary battery assembly of claim 1 , 
wherein the unitary battery case (51) is constituted 
by a unitary molding. 

7. The sealed secondary battery assembly of claim 6, 
wherein the unitary battery case (51) is made of 
resin. 

8. The sealed secondary battery assembly of claim 1 , 
wherein end plates (13) and restraining straps (14) 
are arranged at the lateral periphery of the unitary 
battery case (51); the unitary battery case (51) 
being restrained by means of these. 

9. The sealed secondary battery assembly of claim 1 , 
wherein the covers (4) of the individual cells (2a to 
2j) are constituted by a unitary cover (52) in which 
these are mutually integrated. 

10. The sealed secondary battery assembly of claim 9, 
wherein the unitary cover (52) is a resin unitary 
molding. 

11. The sealed secondary battery assembly of claim 9, 
wherein the unitary cover (52) comprises apertures 
(26) of the coolant passages (55). 

12. The sealed secondary battery assembly of claim 
1 1 , wherein the apertures (26) of the coolant pas- 
sages (55) provided in the unitary cover (52) are 
arranged alternately to left and right with respect to 
the center line in the direction of connection of the 
cells and the electrical connection elements (9) are 
arranged alternately to left and right with respect to 
said center line and in symmetrical positions of said 
apertures (26). 

13. The sealed secondary battery assembly of claim 1 , 
wherein the coolant passages (55, 56) lead the 
coolant in the vertical direction. 
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14. A sealed secondary battery assembly in which 
electricity-generating elements (1) are accommo- 
dated in battery cases (3) formed in rectangular 
tubular shape having a bottom, and a plurality of 
cells (2a to 2j) constituted by sealing the apertures 5 
of these battery cases (3) by covers (4) are 
arranged in series, these cells being electrically 
connected by means of electrical connection ele- 
ments (9), characterized in that the individual cells 
(2a to 2j) are integrated by being restrained by end 70 
plates (13) and restraining straps (14) and the cov- 
ers (4) are constituted by a unitary cover (52) con- 
sisting of a unitary molding; the electrical 
connection elements (9) are arranged so as to pass 
through partition sections (53, -54) that define the 75 
space for the individual cells (2a to2j), and coolant 
passages (55, 56) are formed in the partition sec- 
tions (53, 54); and apertures (26) communicating 
with these coolant passages (55) are provided in 
locations of the unitary cover (52) corresponding to so 
the coolant passages (55). 
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